We obtain the exact analytic form of growth index (f = Ω m (a) γ ) at present epoch in a flat universe with including the constant equation of state of dark energy (ω de ). For the cosmological constant (ω de = −1) we obtain γ = 0.5547 which is very close to the well known value 6/11. However, if ω de = −0.9, then γ gives rise to 0.6405. Ω 0 m dependence of γ is fairly small for the viable range of the current matter energy density 0.2 ≤ Ω 0 m ≤ 0.3. (0.6% and 3% changes in γ for ω de equal to −1 and −0.9, respectively.) The difference of peculiar velocity values from the different choices of γ is about 11% for Ω 0 m = 0.3. This simple but accurate formula which covers a large class of dark energy models will provide a practical tool for galaxy redshift survey to measure the matter density and the peculiar velocity.
The background evolution equations in a flat Friedmann-Robertson-Walker universe (ρ m + ρ de = ρ cr ) are
where ω de is the equation of state (eos) of dark energy, ρ m and ρ de are the energy densities of the matter and the dark energy, respectively. We consider the constant ω de only. The dark energy does not participate directly in cluster formation, but it alters the cosmic evolution of the background. The linear density perturbation of the matter (δ = δρ m /ρ m ) for sub-horizon scales is governed by [1] δ
It is well known that the growing mode solution of the above equation (3) is
m are the present energy density contrast of the matter and the dark energy, respectively. Actually, this solution is exact only for ω de = −1/3 and −1 (see Appendix A). However, the correction of the solution gives the oscillation mode for −1 < ω de < −1/3 instead of growing one and thus we can ignore this correction term. The growth index f is defined as
Thus, f is expressed from the equation (4) by
We can find the exact analytic solutions of the above equation at the present epoch (a = 1, X(a = 1) = 1)
where Γ is the gamma function and F is the hypergeometric function. For Ω 0 m = 1 one get f = 1 for all a, which is consistent with δ ∝ a. Also we compare the result with a non-flat without the cosmological constant
as shown in the reference [3] . In Fig. 1 (7) when we choose ω de as −1 and −0.9, respectively.
Dot line shows the behavior of f as a function of Ω 0 m when we adopt γ = 6/11 [4] . We can find the present value of parameter γ = ln f (a = 1)/ ln Ω 0 m . The dash-dot line represents f with γ = 0.5547, which we get from the above relation when we choose ω de = −1 and Ω 0 m = 0.3. This new γ value gains 1 − 2 % accuracy compared to γ = 6/11 for 0.2 ≤ Ω 0 m ≤ 0.3. The solid line shows the exact analytic solution of f when we choose ω de = −1. The other exact solution of f with ω de = −0.9 is depicted as a dash line. When we fit this value in the relation we can find γ = 0.6405 and this curve is described by dash-dot-dot line in the Fig. 1 . This γ value gives a good approximation on proper values of Ω 0 m . However, the behavior of f with this γ value shows the discrepancy with the exact solution at low Ω 0 m . We will explain this in the below.
We show the Ω 0 m dependence of this parameter (γ) for the different values of ω de in the figure 2. For ω de = −1, γ is insensitive to the change in Ω 0 m as shown in Fig. 2a . However, we see that γ dependence on Ω 0 m is not negligible for small Ω 0 m when ω de = −0.9 from Fig. 2b . We can understand this property from the equations (5) and (7) γ . And the first term is much sensitive to the variation of Ω 0 m than the third one. Thus, we have almost Ω 0 m independent γ for ω de = −1. However, γ can be sensitive to Ω 0 m when ω de = −1. However, γ is almost independent from Ω 0 m for the proper values of present matter density contrast 0.2 ≤ Ω 0 m ≤ 0.3. In both cases, we get the higher γ values for the smaller values of Ω 0 m . We also show the γ dependence on ω de for the different values of Ω 0 m = 0.24, 0.30. For the bigger value of ω de we obtain the bigger value of γ. These higher values are still consistent with a recent analysis γ = 0.6 +0.4 −0.3 through [5] . Also as a consistent check, we can find the higher values of γ for the smaller value of Ω 0 m as same as in Fig. 2 . We can numerically evaluate the value of γ at any redshift, z = a −1 − 1 from the equation (6) . We In linear theory, the peculiar velocity v pec is related to the peculiar acceleration g and/or interior average overdensity < δ > R in a spherical perturbation of radius R [7] | v pec | = 2 3
f g HΩ 0
The difference of this peculiar velocity between two different values of γs for ω de = −1, −0.9 is about 11% when we choose Ω 0 m = 0.3. Thus, the accurate parameter value γ especially for ω de = −1 will provide the better analysis tool for galaxy redshift survey.
A Appendix
We replace the growing mode solution (4) into the equation (3) to geẗ δ+2Hδ−4πGρ m δ = (Ḧ/H +2Ḣ −4πGρ m )δ = 4πG(1+ω de )(1+3ω de )ρ de δ .
(10) Thus, the equation (4) is the exact solution when ω de = −1 or −1/3. When the magnitude of ρ de is comparable to ρ m , this correction term gives affect to the solution. However, this correction term produces the oscillation solution instead of growing one for −1 < ω de < −1/3. Thus, we can ignore this correction term for these values of ω de .
From the equation (6), we need to solve the integration to find the analytic form of f at present epoch [8] ,
where we use a −3ω de = t and r = −Ω 0 de /Ω 0 m = 1 − (Ω 0 m ) −1 . We can also check the result of a non-flat universe without the cosmological constant in the reference [3] . In this case we have k/H 2 0 ≡ Ω K = (1 − Ω 0 m ). Then we obtain the expression for X = Ω 0 m a −1 + Ω K . Mathematically, this is the same as the dark energy case with the equation of state of the dark energy ω de = −1/3. Then the above integral (11) becomes 
